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ABSTRACT 


This article presents the system design and prediction performance of a 1kW 
capacity grid-tied photovoltaic inverter applicable for low or medium-voltage 
electrical distribution networks. System parameters, for instance, the 
longitude and latitude of the solar plant location, panel orientation, tilt and 
azimuth angle calculation, feasibility testing, optimal sizing of installment 
are analyzed in the model and the utility is simulated precisely to construct 
an efficient solar power plant for residential applications. In this paper, 
meteorological data are computed to discuss the impact of environmental 
variables. As regards ensuring reliability and sustenance, a simulation model 
of the system of interest is tested in the PVsyst software package. Simulation 
results yield that the optimum energy injected to the national grid from the 
solar plant, specific production, and performance ratio are 1676kWh/year, 
1552kWh/kWp/year, and 79.29% respectively. Moreover, the predicted 
carbon footprint reduction is 23.467 tons during the 30 years lifetime of the 
system. Therefore, the performance assessments affirm the effectiveness of 


the proposed research. 
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1. INTRODUCTION 

In this modern civilized world, the requirement of electrical energy is inevitable. This era conforms 
to rapid growth and augmentation of the industrial sector and modernization of technical premises, which 
revolutionize the human lifestyle. This sophisticated tech-savvy global reformation is predominantly 
responsible for the increasing demand for electrical energy. However, to date, the conventional method of 
electricity generation depends on burning fossil fuels such as natural gas, coal, oil, which produce tons of 
carbon dioxide as by-products that are not only life-threatening for human civilization but also can endanger 
the natural ecosystem. Moreover, the amount of this kind of natural resource (gas, coal, oil) is limited and is 
decreasing drastically due to meet up the increased load demand [1]-[3]. The US energy information 
administration warned that in 2025 with a yearly increment rate of 2.35%, the worldwide energy 
consumption rate will be 24.673TWh [4]. To deal with these issues like ensuring energy security, system 
reliability, and durability, producing energy from renewable sources is considered as an environmentally 
friendly solution and also, a resource that can provide continual and clean energy access. Some of the 
renewable energy sources include solar power, tidal and ocean wave energy, wind power, biogas, biomass, 
and hydropower system. However, it is reported that the solar energy available for the earth is equivalent to 
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104 times (1.2 x 10° TW) of its current production and operation rate [5]. Therefore, it can be implied that 
the most prominent and sustainable energy resource is solar power as an intriguing renewable solution. 

The penetration of renewable energy sources into the modern power system infrastructure for 
substantial and efficacious energy routing yields implications of scalable, controllable, and effective power 
management interfaces such as power electronic converters, communication networks, and associated control 
units. In this regard, practitioners and researchers indulge themselves in designing and implementing novel 
architectures of renewable energy solutions, which can be deployed for industrial and residential applications 
[6]-[13]. Since DC loads are prevalent in microgrids and smart power distribution systems, conversion 
between AC and DC or a combination of both AC and DC is significant. Besides, where the national grid 
requires AC power generation and integration, a renewable resource like solar power provides DC energy 
conversely. To harness this solar energy into reusable DC power, a solar photovoltaic module is required. 
Besides, to convert this DC into AC power, two types of system topology are considered-standalone 
(islanded mode) and grid-tied (grid-connected mode). Between these two, the grid-tied photovoltaic system is 
the most lucrative one for business and economic entities. In this system, during day time the electrical 
appliances are run by solar energy. The surplus energy produced during day time is directly fed to the 
national grid. On the other hand, during the night time due to the absence of solar energy access, the 
consumers can procure the required amount of energy from the grid authority. As this grid-tied system needs 
no energy storage like a battery bank or supercapacitor, the charge controller ensures clean electricity 
production and injection into the grid without any transmission and distribution losses [14]-[16]. 

Design and establishment of a solar energy-based power plant infer several constraints and variables 
such as longitude, latitude, orientation, inclination, feasibility test, and sizing, which ought to be optimized 
through simulations. Additionally, recurrent and extensive performance evaluations are mandatory for 
estimating overall system efficiency under different operating conditions. Thereby, in this article, a research 
framework that predicts the power efficiency of a 1kW capacity grid-tied photovoltaic inverter is presented. 
The prediction is carried out employing PVsyst, which is a modeling tool equipped with all the required 
facilities along with detailed meteorological data for which the researchers and the engineers can rely on its 
simulated output [17]-[18]. 

Some state-of-the-art prediction methodologies have been applied in solar photovoltaic systems re- 
cently. In [19], new real-time prediction models for output power and energy efficiency are reported, which 
have been confirmed using yearly and monthly average measurements of a grid-connected solar power 
system in Macau. In this paper, the online efficiency prediction model was developed by taking into account 
the ratio of the predicted output power to the anticipated solar irradiance. In [20], a novel technique for 
modeling and forecasting the performance of a standalone solar power system demonstrated wherein 
algebraic simultaneous calculations of the design parameters have been calculated for a simplified testbed. 
However, this framework has not been validated for grid integration. The research documented in [21] 
describes a detailed comparison of performance-model estimations within the solar advisor model (SAM) 
developed by the US department of energy to determining PV system performance to evaluate the efficacy of 
predicting energy production. In this work, the inputs of the models are the recorded measurements of 
meteorological and irradiance data from co-located photovoltaic arrays. Another robust performance 
predictor of a 20kWp grid-connected photovoltaic plant is proposed in [22], where two artificial neural 
networks (ANN) models have been employed for analyzing experimental climate and electrical data. In the 
demonstration, the first model is a multivariate one based on the solar irradiance values and air temperature, 
whereas the second univariate model takes solar irradiance data as inputs. However, from the literature 
reviews of the photovoltaic power plant models and related prediction methodologies, this paper presents a 
comparatively simple yet reliable application of a custom performance estimation platform, referred to as 
PVsyst, to project efficiency profiles of a localized 1kW solar facility taking into account the area-specific 
information. The major contribution of the articulated research is analyzing a grid-tied photovoltaic inverter 
to develop a predictor of the system efficiency considering meteorological data recorded for a certain period. 
The remainder of the manuscript arranged as follows. Section 2 presents the overview of the proposed 
system. In the follow-up, Section 3 elaborates the meteorological characteristics of the location of interest. 
Then, Section 4 subsumes the specifications to run tests. Section 5 presents the simulation results of the 
photovoltaic model and finally, Section 6 concludes the article. 


2. PROPOSED SYSTEM TOPOLOGY 

A grid integrated photovoltaic inverter is analyzed in this paper to develop a predictor that can 
estimate the system efficiency. Figure | presents the brief functional diagram of the system topology. Here, 
the input DC power from the solar photovoltaic (PV) modules fed to the grid-tied inverter (GTI). The 
converted AC output power of GTI is then delivered to a residential facility via the bidirectional metering 
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interface, which is indicated here as a net meter. This bidirectional net meter ensures the process of supplying 
the excess electricity produced from the solar PV modules injected into the national grid. Therefore, the 
electricity bill is calculated based on the energy recorded in the net meter. The solar energy meter reads the 
total power generation from the PV modules and the consumption meter is responsible for reading the overall 
power consumed by the residential unit. If the amount of electricity generated and disbursed from the rooftop 
PV modules is higher than the imported power from the national grid, the utility authority pays for this power 


in kWh [23]. 
Solar PV Grid Tie 
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Figure 1. Functional diagram of the proposed system 
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Table 1. Monthly Meteorological Values 





Month Global I adton Diffuse krartauon Temperature (°C) Wind Velocity 
(kWh/m‘/day) (kWh/m‘/day) (m/s) 
January 4.21 1.57 17.5 0.40 
February 4.66 2.09 20.9 0.60 
March 5.73 2.39 25.1 0.89 
April 5.92 2.78 Zhe 1.30 
May 5.73 3.25 28.0 0.99 
June 4.96 3.07 27.6 1.10 
July 4.92 3.06 28.0 121 
August 4.55 2.93 28.3 0.99 
September 4.86 2.82 2d 0.70 
October 4.52 2.42 26.6 0.49 
November 4.63 1.45 RN, 0.30 
December 4.21 123 19.0 0.20 


3. METEOROLOGICAL CHARACTERISTICS OF THE PLANT LOCATION 

This paper considers a solar power facility located in a specific area with particular geographical and 
meteorological properties. Space, where the plant of interest installed for the research endeavor, is in 
Swamibag, Dhaka 1100, Bangladesh with a location map-latitude: 23.72° north, longitude: 90.42° east, and 
altitude: 4 m the standard sea level. 


1: 22 june 

2: 22 may - 23 july 
3: 20 apr - 23 aug 
4: 20 mar - 23 sep 
5: 21 feb - 23 oct 
6: 19 jan - 22 nov 
7: 22 december 


East West 





South 


Figure 2. Solar path diagram of Swamibag, Dhaka 1100, Bangladesh 
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The meteorological information such as the horizontal global irradiation, horizontal diffuse 
irradiation, ambient temperature, and wind velocity of the plant location was recorded from the year 1981 to 
2010 applying a software package, named Meteonorm (version 7.1). Table 1 enlists the monthly 
meteorological information. From the presented values, it can be implied that the annual average global and 
diffuse irradiations are 4.91kWh/m?/day and 2.42kWh/m7/day, respectively, provided that the average 
temperature and wind velocity are 24.9°C and 0.8m/s, respectively. Also, for more precise speculation of the 
plant’s solar power access, the solar path diagram in the polar coordinate form of the site is illustrated in 
Figure 2. From this figure, it can be declared that at noon, the sun faces directly to the south direction in all 
scenarios. 


4. SYSTEM SPECIFICATIONS 

In this paper, system efficiency is predicted of a 1kW capacity grid-connected PV inverter that is 
planted in a specific geographical location for supplying electricity to a residential unit. In this regard, 
calculation of energy demand of a residence, optimization of tilt and azimuth angles of the installed plant, 
specifications of the PV modules, and grid-tied inverter documented in the following subsections. 


4.1. Demand calculation 

As a standard, the roof-top of a 1200 square feet apartment in the proposed location has been 
selected for the electricity demand calculation. Table 2 shows the monthly consumption rate (kWh) of the 
facility. From this table, it can be observed that the annual consumption rate can be approximated as 
1708kWh. Based on these data, the average consumption per day has calculated as 4.6794kWh. Dividing the 
average consumption per day by the equivalent solar hour, the power required from the solar PV panel has 
been determined as 1.1kW. The equivalent solar hour considered here is 4.65 [24]. 


Table 2. Month-wise consumption rate 


Month Consumption (kWh) Month Consumption (kWh) 
January 86 July 122 
February 95 August 195 
March 13 September 177 
April 70 October 221 
May 158 November 175 
June 200 December 136 


4.2. Tilt and azimuth angle optimization 

By applying the PVsyst software’s tilt and azimuth angle optimization technique for yearly 
irradiation yield, the projected annual meteorological data for different tilt and azimuth angles in the case of a 
fixed titled plane are shown in Table 3. From this table, it can be depicted that by considering the tilt angle as 
30° and azimuth angle as 0° for the projected location, the maximum annual irradiation of 1962kWh/m° can 
be obtained. In this regard, rigorous arithmetical analysis for calculating the optimum orientation of solar PV 
panels described in [25] proclaiming that the optimized tilt and azimuth angle for Dhaka, Bangladesh are 30° 
and 0° respectively. This information corroborates the PVsyst software’s simulated outcome. Figure 3 
presents the optimized tilt and azimuth angle of the solar PV panel for the location of interest. 


Table 3. Optimization of the annual irradiation 


data 
Tilt Angle (°) Azimuth (°) Irradiation (kWh/m?) 
90 0 1171 
30 180 1332 
30 120 1535 
30 90 1695 
60 0 1729 
0 0 1792 
30 60 1833 
30 0 1962 





Figure 3. Optimized tilt and azimuth angle of the solar 
photovoltaic plane 
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4.3. PV module specifications 

As a PV module, the Si-mono LG270S1C-B3 solar mono-crystalline panel with a maximum power 
output capability of 270Wp has been chosen for optimal sizing. In the PV array, there are 4 modules 
connected in series that render the array global power (nominal) as 1080Wp. Table 4 shows the specifications 
of the PV array. Figure 4 illustrates the I-V characteristic curve of the selected PV model under the standard 
testing condition (STC) (temperature 25°C and irradiance 1000W/m7’). Besides, Figure 5 and Figure 6 present 
the effect of irradiance and temperature variations on the P-V characteristics of the PV module. 


Table 4. Considered PV array specifications 


Criterion Specification 
Model Si-mono (LG 270 S1C-B3) 
Number of modules 4 
Unit nominal power 270 Wp 
Rated power at operating condition (50°C) 968 Wp 
Array operating voltage & current (at 50°C) Vmpp = 111 V & Impp = 8.7 A 
Array operating voltage & current (at -10°C) Voc = 172 V & Ís = 9.2 A 
Total cross-sectional area 6.6 m 
Thermal loss factor 20.0 W/mK 
Wiring ohmic loss fraction 1.5% at STC 
PV module: LG Electronics, LG 270 S1C-B3 PV module: LG Electronics, LG 270 S1C-B3 


Cells temp. = 25 °C Cells temp. = 25 *C 270.3 W 


Incident Irrad. = 1000 W/m? 
Incident Irrad. = 800 W/m? 
Incident Irrad. = 600 W/m? 
Incident Irrad. = 400 W/m? 
Incident Irrad. = 200 W/m? 


Incident Irrad. = 1000 W/m? 
270.3 W 


Incident Irrad. = 800 W/m? 


Current. [A] 


Incident Irrad. = 600 W/m? 


Power [W] 


Incident Irrad. = 400 W/m? 


Incident Irrad. = 200 W/m? 





0 5 10 15 20 25 30 35 40 a 10 0 30 40 50 


Voltage [V] Voltage [V] 
Figure 4. I-V characteristic curve Figure 5. P-V characteristic curve subject to irradiance 
changes 


4.4. Inverter model specifications 

The UNO-DM-1.2-TL-PLUS single phase inverter model, manufactured by ABB, has been selected 
for deployment in this work. Optimal sizing has been accomplished with a maximum power output capability 
of 1.2kW AC, a maximum efficiency of 94.80% where the input operating voltage ranges between 90V to 
580V DC and the output AC (RMS) voltage can be obtained as 230V of 50Hz frequency [26]. Table 5 shows 
the specifications of the inverter model, whereas Figure 7 illustrates the efficiency curve for 25°C. 


Table 5. Grid tied inverter specifications for a single unit 


Criterion Specification 
Model UNO-DM-1.2-TL-PLUS (ABB) 
Operating Input & Output Voltage 90-580 V DC & 230 V AC (rms) 
Nominal Frequency 50 Hz 
Nominal Power 1.20 kW, 
Rated Power Factor 0.90 (Lagging) 
Maximum Efficiency 94.80% 
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PV module: LG Electronics, LG 270 $1C-B3 
100 


Incident Irrad. = 1000 W/m? 


Cells temp. = 10°C, Pmpp = 286.8 W f 
Cells temp. = 25 °C, Pmpp = 270.3 W l 80 
Cells temp. = 40 °C, Pmpp = 253.4 W 





Cells temp. = 55 °C, Pmpp = 236.0 W 4 e 
Cells temp. = 70°C, Pmpp = 218.4 ⁄} a 
x 60 
= 
2 
2 
E z 40 
20 
0 
0.0 0.2 0.4 0.6 0.8 1.0 1.2 
0 10 20 30 40 50 P Out (AC) [kW] 
Voltage [V] 
Figure 6. P-V characteristic curve subject to temperature Figure 7. Efficiency curve of the selected grid 
changes tied inverter model 


5. RESULT AND ANALYSIS 
The overall performance analysis of the proposed 1 kW capacity grid-tied PV inverter is described 
in detail in the subsections. 


5.1. Balances and primary results of the 1 kW system 

Table 6 presents the summarized balances and the key outcomes of the designed project. It clearly 
states that yearly, the rate of horizontal global irradiation (GlobHor) is 1791.6 kWh/m?, horizontal diffuse ir- 
radiation (Diff Hor) is 884.3 kWh/m’, ambient temperature (TAmb) is 24.88°C, global incident (GlobInc) 
radiation in collector plane is 1956.8 kWh/m’, effective energy (EArray) at the output of the array is 
1805.3 kWh, energy injected into the grid (EGrid) is 1675.6 kWh along with the performance ratio (PR) is 
79.29%. 


Table 6. Summarized balances and key outcomes of the proposed work 


vos Geor praos anne Geene GABE ELA nanaon PR 
January 130.4 48.7 17.47 178.2 174.1 169.2 158.6 0.824 
February 130.4 58.4 20.87 159.4 155.5 148.7 139.0 0.808 
March 177.7 74.0 25.14 196.5 191.2 178.0 166.2 0.783 
April 177.7 83.4 27.29 175.3 169.9 158.4 146.9 0.776 
May 177.7 100.7 27.98 160.2 154.4 146.7 135.5 0.783 
June 148.8 92.1 27.55 130.5 125.5 120.8 110.3 0.782 
July 152.6 95.0 28.04 135.2 130.1 124.9 114.1 0.781 
August 141.1 90.7 28.25 133.6 128.9 123.0 112.2 0.778 
September 145.9 84.6 27.47 150.5 145.7 138.4 128.0 0.788 
October 140.0 75.1 26.60 161.0 156.6 148.1 137.6 0.791 
November 138.9 43.6 22.70 187.7 183.6 172.4 161.7 0.797 
December 130.4 38.0 19.02 188.7 184.7 176.7 165.6 0.813 
Year 1791.6 884.3 24.88 1956.8 1900.3 1805.3 1675.6 0.793 


5.2. Performance ratio 

Performance ratio (PR) is defined as the ratio between the useful energy produced by the proposed 
system (Yf) and the perfect system which would generate the energy (Yr) continuously operated under stan- 
dard test conditions (STC). On top of that, this PR calculation includes system losses and PV array losses. 
The system loss counted for the determination of inverter efficiency. Besides, the array losses include PV 
module efficiency, wiring loss, PV module quality, etcetera. The month-wise PR ratio deviation for the 
proposed system is presented in Figure 8. As the PR for 270W PV panel is 79.29%, it indicates that 20.71% 
of the total energy produced by the solar PV panel is not supplied to the load-end and can be considered 
wasted energy [27]. 
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5.3. Normalized production 

Figure 9 illustrates the normalized energy production rate in case of per installed kWp. Besides it 
implies that the produced useful energy supplied to the prosumer (Yf) is 4.25 kWh/kWp/day, the PV array 
loss Lc is 0.78kWh/kWp/day, system loss (inverter loss) Ls is 0.33KWh/kWp/day. 


Lc: Collection Loss (PV-array losses) 0.78 kWh/kWp/day 
Ls : System Loss (inverter, ...) 0.33 kWh/kWp/day 
Yf: Produced useful energy (inverter output) 4.25 kWh/kWp/day 


BR PR : Performance Ratio (Yf; Yr) : 0.793 


Performance Ratio (PR) 
Nonnalimd Energy [k Wik Whidiy] 





Jan Feb Mar Apr May Jun Jul Aug Sep Oct Noy Dee 
— Figure 9. Normalized production rate of the proposed 


Figure 8. Performance ratio of the proposed system 


system 


5.4. Loss diagram 

Figure 10 depicts the loss diagram of the proposed system for the entire year. It clearly states that the 
highest amount of loss (11.3%) occurs for PV loss due to temperature. Besides, the inverter loss accounts for a 
7.2% loss. Moreover, the effective irradiance on collectors is 1900kWh/m7’, and global horizontal irradiation 
is 1792kWh/m7*. Finally, the energy injected into the grid is 1676kWh with a PV conversion efficiency of 
16.48%. 


2 | Horizontal global irradiation 
+09.2% Global incident in coll. plane 


\e -28% IAM factor on global 


Effective irradiance on collectors 






1900 Khim? * 7 m? coll. 
efficiency at STC = 16.48% PY conversion 

2055 kWh Array nominal energy (at STC effic.) 
PY loss due to irradiance level 
PY loss due to temperature 
Module quality loss 
Mismatch loss, modules and strings 


Ohmic wiring loss 
1785 kWh Array virtual energy at MPP 


Inverter Loss during operation (efficiency) 


Inverter Loss over nominal inv. power 
Inverter Loss due to max. input current 
Inverter Loss over nominal inw. voltage 
Inverter Loss due to power threshold 
Inverter Loss due to voltage threshold 


Available Energy at Inverter Output 


Energy injected into grid 





Figure 10. Loss diagram over the year 
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5.5 Carbon footprint reduction 

For a pollution-free world and environment-friendly energy solutions, a global concept called 
carbon footprint reduction has come into play. The total production of greenhouse gases either by human 
activities or any other means represented by its equivalent tons of carbon dioxide (CO2). Figure 11 ensures 
reduction of 23.467 tons of CO» emission for the next 30 years by installing the proposed 1kW capacity grid- 
tied photovoltaic inverter system. 


E Grid System Lifetime LCE Grid LCE System Carbon Balance 
i676 kWh X | 30 years Ñ 584 gCo2/kWh T 20 tco2 = 23.467 tco2 
Annual degradation [*] : | 1.0 f° Manual f° Manual 0.782 tCO2/yr 
Bangladesh + | f* Country IEA 
21,728 tCO2/kw 
f° Energy Mix f* Detailed Sad 


0.724 tco2kWo/yr 


bi Pi 
© iñ 


Saved CO? Emissions: 


malt 
on 


= 
o 


Balance [LCO2] 


23.467 tons 


iin öö iñ 


Figure 11. Carbon footprint reduction rate 


6. CONCLUSION 

In this paper, a detailed analysis and efficiency prediction of a 1kW capacity grid-tied photovoltaic 
inverter for a residential facility are reported. The simulated results suggest that this proposed system is 
responsible for the production of 1676kWh energy per year injected into the national grid. Moreover, it 
depicts that in March, the maximum amount of energy of 166.2kWh could be supplied to the national grid, 
whereas the least amount of energy that could be injected in June is 110.3kKWh. Additionally, for a specific 
plant location in Bangladesh, the simulated performance ratio is 79.29%. Finally, the carbon footprint 
reduction of 23.467 tons CO2 underscores the environmental friendliness of the presented system which can 
be a sustainable electricity supply authority for the prosumers. 


REFERENCES 

[1] S. Das and K. M. Salim, "Design and implementation of one kilowatt capacity single phase grid tie pho-tovoltaic 
inverter," 20/4 International Conference on Electrical Engineering and Information & Communication 
Technology, IEEE, 2014, pp. 1-5, DOI: 10.1109/ICEEICT.2014.6919081. 

[2] S. Das, F. Aidelkhani, S. Mustak, A. Baki, and M. Razzak, "Grid voltage stabilization for smart grid systems," 
2016 IEEE 7th Power India International Conference (PIICON), IEEE, 2016, pp. 1-6, DOI: 
10.1109/POWERI.2016.8077343. 

[3] S. Das, K. M. Salim, D. Chowdhury, and M. M. Hasan, "Inverse sinusoidal pulse width modulation switched 
electric vehicles’ battery charger," International Journal of Electrical & Computer Engineering (IJECE), vol. 9, 
no. 5, October 2019, pp. 3344-3358, DOI: 10.1159 1/ijece.v915.pp3344-3358. 

[4] Yaosuo Xue, Liuchen Chang, Sren Baekhj Kjaer, J. Bordonau and T. Shimizu, "Topologies of single-phase 
inverters for small distributed power generators: an overview," IEEE trans-actions on Power Electronics, vol. 19, 
no. 5, pp.1305-1314, 2004, DOI: 10.1109/TPEL.2004.833460. 

[5] Khunt, HR and Danidhariya, NB and Vaniya, VM, "Interfacing of the SPV System with Off-grid Load by using 
Boost converter and Inverter," International Journal of Advance Engineering and Research De- velopment 
(IJAERD), vol. 1, no. 3, pp.2348-4470, 2014, DOI: 10.21090/ijaerd.010348. 

[6] D. Chowdhury, A. S. M. K. Hasan and M. Z. R. Khan, "Islanded DC microgrid architecture with dual active 
bridge converter-based power management units and time slot based control interface," IEEJ Transactions on 
Electrical and Electronic Engineering, vol. 15, no. 6, March 2020, pp. 863-871, DOI: 10.1002/tee.23128. 

[7] O. Ellabban, H. Abu-Rub and F. Blaabjerg, "Renewable energy resources: Current status, future prospects and 
their enabling technology," Renewable and Sustainable Energy Reviews, vol. 39, November 2014, pp. 748-764, 
DOI: 10.1016/j.rser.2014.07.113. 

[8] A. S. M. K. Hasan, D. Chowdhury and M. Z. R. Khan, "Performance analysis of a scalable DC microgrid offering 
solar power based energy access and efficient control for domestic loads," arXiv: 1801.00907, January 2018. 


Int J Pow Elec & Dri Syst, Vol. 12, No. 2, June 2021 : 1177 — 1186 


Int J Pow Elec & Dri Syst ISSN: 2088-8694 OM 1185 


[9] 


[10] 


[11] 


[12] 


[13] 


[14] 


[15] 


[16] 


[17] 


[18] 


[19] 


[20] 


[21] 


[22] 


[23] 


[24] 


[25] 


[26] 


[27] 


R. E. H. Sims, H.- H. Rogner and K. Gregory, "Carbon emission and mitigation cost comparisons between fossil 
fuel, nuclear and renewable energy resources for electricity generation," Energy Policy, vol. 31, no. 13, October 
2003, pp. 1315-1326, DOI: 10.1016/S0301-4215(02)00192-1. 

A. Zahedi, "Maximizing solar PV energy penetration using energy storage technology," Renewable and 
Sustainable Energy Reviews, vol. 15, no. 1, January 2011, pp. 866-870, DOI: 10.1016/j.rser.2010.09.011. 

A. Evans, V. Strezov and T. J. Evans, "Assessment of utility energy storage options for increased renew- able 
energy penetration," Renewable and Sustainable Energy Reviews, vol. 16, no. 6, August 2012, pp. 4141-4147, 
DOI: 10.1016/j.rser.2012.03.048. 

D. Chowdhury, A. S. M. K. Hasan and M. Z. R. Khan, "Scalable DC microgrid architecture with phase shifted 
full bridge converter based power management unit," 10th International Conference on Elec- trical and 
Computer Engineering (ICECE), 2018, pp. 22-25, DOI: 10.1109/ICECE.2018.8636808. 

A. S. M. K. Hasan, D. Chowdhury and M. Z. R. Khan, "Scalable DC microgrid architecture with a one-way 
communication based control interface," 70th International Conference on Electrical and Computer Engineering 
(ICECE), 2018, pp. 265-268, DOI: 10.1109/ICECE.2018.8636706. 

Kandasamy, CP and Prabu, P and Niruba, K, "Solar potential assessment using PVSYST software," 20/3 
International Conference on Green Computing, Communication and Conservation of Energy (ICGCE), IEEE, 
2013, pp. 667-672, DOI: 10.1 1O9/ICGCE.2013.6823519. 

Boxwell, Michael, A simple, practical guide to solar energy—designing and installing solar photovoltaic systems, 
The Solar Electricity Handbook-2017 Edition: Greenstream Publishing, 2017. 

Soualmia, Adel and Chenni, Rachid, "Modeling and simulation of ISMW grid-connected photovoltaic system 
using PVsyst software," 20/6 International renewable and sustainable energy conference (IRSEC), IEEE, 2016, 
pp. 702-705, DOI: 10.1109/IRSEC.2016.7984069. 

Chadel Meriem, Benyoucef Boumdiene, Chadel Asma, Bouzaki Mustapha Mohamed and Soufi Aicha, "Study of 
a photovoltaic system connected to the network and simulated by the code PVSYST," 20/4 North African 
Workshop on Dielectic Materials for Photovoltaic Systems (NAWDMPV), IEEE, 2014, pp. 1-5, DOI: 
10.1109/NAWDMPV.2014.6997605. 

Satish, Malvika and Santhosh, Sharon and Yadav, Apurv, "Simulation of a Dubai based 200 KW power plant 
using PVsyst software," 2020 7th International Conference on Signal Processing and Integrated Networks 
(SPIN), IEEE, 2020, pp. 824-827, DOI: 10.1109/SPIN48934.2020.9071135. 

Y. Sau, L.- C. Chan, L. Shu and K.- L. Tsui, "Real-time prediction models for output power and efficiency of 
grid-connected solar photovoltaic systems," Applied Energy, vol. 93, May 2012, pp. 319-326, DOI: 
10.1016/j.apenergy.2011.12.052. 

T. Ma, H. Yang and L. Lu, "Solar photovoltaic system modeling and performance prediction," Renewable and 
Sustainable Energy Reviews, vol. 36, August 2014, pp. 304-315, DOI: 10.1016/j.rser.2014.04.057. 

C. P. Cameron, W. E. Boyson and D. M. Riley, "Comparison of PV system performance-model predictions with 
measured PV system performance," 33rd IEEE Photovoltaic Specialists Conference, 2008, pp. 1-6, DOI: 
10.1109/PVSC.2008.4922865. 

A. Mellit and A. M. Pavan, "Performance prediction of 20 kWp grid-connected photovoltaic plant at Trieste 
(Italy) using artificial neural network," Energy Conversion and Management, vol. 51, no. 12, December 2010, pp. 
2431-2441, DOI: 10.1016/j.enconman.2010.05.007. 

"Net Metering Guideline 2018: UNDP in Bangladesh," [Online]. Available: 
https://www.bd.undp.org/content/bangladesh/en/home/library/environment energy/net-metering- guideline-2018- 
-html. [Accessed: 17-Jun-2020]. 

"Solar resource maps of Bangladesh," [Online]. Available: — https://solargis.com/maps-and-gis- 
data/download/bangladesh. [Accessed: 18-Jun-2020]. 

M. A. A. Mamun, M. R. Sarkar, M. Parvez, M. J. Nahar and M. S. Rana, "Determining the optimum tilt angle and 
orientation for photovoltaic (PV) systems in Bangladesh," 2nd International Conference on Electrical & 
Electronic Engineering (ICEEE), 2017, pp. 1-4, DOI: 10.1109/CEEE.2017.8412910. 

"ABB UNO-DM-1.2-TL-PLUS-SB” [Online]. Available: https://new.abb.com/products/6AGC063458/uno- dm- 
]-2-tl-plus-sb-inverter. [Accessed: 18-Jun-2020] 

Shaimaa R. Spea and Heba A. Khattab, "Design sizing and performance analysis of stand-alone PV system using 
PVSyst software for a location in Egypt," 20/9 21st International Middle East Power Systems Conference 
(MEPCON), IEEE, 2019, pp. 927-932, DOI: 10.1109/MEPCON47431.2019.9008058. 


System efficiency prediction of a 1kW capacity grid-tied photovoltaic inverter (Saurav Das) 


1186 O ISSN: 2088-8694 


BIOGRAPHIES OF AUTHORS 


Saurav Das obtained a Bachelor’s and Master’s Degree in Electrical and Electronic Engineering 
(EEE) from Independent University, Bangladesh (IUB) in the year 2014 and 2017 consequently. 
He received a CNRD scholarship for excellent MSc students in the Renewable Energy 
Management program at Technische Hochschule Koln (TH Koln—University of Applied 
Sciences, Germany) funded by the German Federal Ministry for Economic Cooperation and 
Development. Currently, Mr. Saurav acts as a Research and Development Officer in IUB and an 
active member of the Green Energy Research Center (GERC, IUB). Besides, he is the Co- 
Principal Investigator in a sponsored project funded by the Ministry of Power, Energy and 
Mineral Resources, Bangladesh. Moreover, He has been serving several international [EEE 
conferences as a reviewer. His research interest includes renewable energy management, 
renewable energy technology, power electronics and, embedded systems. 





Dhiman Chowdhury has received a B.Sc. degree in electrical and electronic engineering from 
Bangladesh University of Engineering and Technology, Dhaka, Bangladesh, in 2016. He is 
currently pursuing a Ph.D. degree with the University of South Carolina, Columbia, SC, USA. 
He worked as a faculty member (research and academic) with Daffodil International University, 
Dhaka, from 2016 to 2017. He is also a graduate research assistant at the Energy Routing 
Laboratory with the University of South Carolina. His current project is on FPGA-based real- 
time power electronic converter models and associated control interfaces development for high- 
speed simulations. He is also involved in research activities on power electronic converters 
model and deployment for different applications emphasizing renewable energy solutions, 
controller design and validation, and modern power systems analysis based on signal processing 
techniques. He has been serving different international journals and IEEE conferences as a 
reviewer. 





Md. Abdur Razzak received MSc (2003) and Ph.D. (2006) in Energy Engineering from Nagoya 
University, Japan, and a BSc (1995) in Electrical and Electronic Engineering (EEE) from 
Rajshahi University of Engineering and Technology (RUET), Bangladesh acquiring first class 
first position with Gold Medal. He is currently a Professor of Electrical and Electronic 
Engineering (EEE) at Independent University, Bangladesh. He also served as the Head of the 
EEE department at IUB (2016-2018). He is a recipient of the Japanese Government Scholarship 
(2000-2006), IEEE Graduate Scholar Award (2005), Japan Society for the Promotion of Science 
Postdoctoral Fellowship Award (2008), RUET Gold Medal (1995), HKUST Fellowship (1999), 
Hori Information Promotion Award (2005), Visiting Professorship at MJIIT, University 
Technology Malaysia (2015), IUB Teaching Excellence Award (2020) and IUB Publication 
Excellence Award (2020). He served as the General Chairs, Technical Program Chairs & Co- 
Chairs, Session Chairs, International Program Committee Members, Advisory Board Members, 
and Editorial Board Members in a large number of journals and international conferences. He 
has been invited by several national & international conferences and universities as keynote 
speakers and serving as the expert member for the graduate (MSc & Ph.D.) examination 
committee in several universities at home and abroad. He has published more than 150 research 
articles in peer-reviewed journals and international conferences. His research interests include 
power electronics, renewable energies, electric vehicles, and smart grids. He is a senior member 
of IEEE and a Fellow of IEB. 





Int J Pow Elec & Dri Syst, Vol. 12, No. 2, June 2021 : 1177 — 1186 


